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U. S. Department of Agriculture, 

Bureau of Plant Industry, 

Office of the Chief, 
Washington, D. C, April 1, 1910. 
Sir: I have the honor to transmit herewith, and to recommend for 
publication as a Farmers' Bulletin, a manuscript entitled "A More 
Profitable Corn-Planting Method/' by C. P. Hartley, Physiologist in 
Charge of Corn Investigations. 

Studies of the habits of growth both below and above ground of this 
our most valuable and widely grown plant have for several years 
indicated that fields of checked corn, comprising about half of the 
total corn acreage, yield less than they would if the kernels were not 
crowded so closely together in the hills. 

As this assumption has now been substantiated, the farmers should 
be informed on the subject and advised to substitute, as soon as pos- 
sible, some method of checking that will give every stalk in their 
cornfields a fair chance to thrive and produce abundantly. 
Eespectfully, 

G. H. Powell, 
Acting Chief of Bureau* 

Hon. James Wilson, 

Secretary of Agriculture. 
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A MORE PROFITABLE CORN-PLANTING 
METHOD. 



INTRODUCTION. 

Much study has been given to corn-planting methods and much 
progress made. This progress has usually been along the line of more 
rapid and easier planting and cultivating. While retaining these 
advantages, the method here described causes higher yields by sup- 
plying each plant with better conditions for growth and production. 

METHODS BY WHICH MOST CORN IS PLANTED. 

Single-row corn planters drawn by one horse — or two-row planters 
drawn by two horses — are used in planting the greater part of the 
corn grown in the United States. All these planters deposit the 
kernels of hill-planted corn together in a small space, or bunch, 
resulting in the stunting of many plants because of insufficient space 
to form a strong root system or vigorous stalk and leaves. Many 
prevent this stunting by drilling their corn. Drilled corn is planted 
in rows, one kernel in a place. Checked corn is planted in hills that 
permit cultivation both ways. 

Which is the most profitable, drilling or checking, is a much debated 
question. On hilly land, where the soil washes readily, checking is 
not practicable. Where both methods are practicable one method 
has about as many advantages and disadvantages as the other, and 
corn producers are practicing the two methods to about the same 
extent. 

THE ADVANTAGE OF DRILLING. 

Standing singly, as in drilled corn, each plant has a fairer chance 
both below ground and above ground to develop normally and produce 
well. 

It requires a little less care to drill than to check, though in fields 
free from trees the difference is very slight after the operator has 
become accustomed to the use of the checking wire which is stretched 
across the field. 

THE ADVANTAGE OF CHECKING. 

Checking enables the corn to be cross-cultivated and kept free from 
weeds and the entire soil surface kept in good condition without the 
expensive labor of hoeing. 
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DOUBLE ADVANTAGES OF KERNEL-SPACED CHECKING. 

" Kernel-spaced checking" is the term used to designate the more 
profitable method described in this bulletin. It largely overcomes 

the disadvantages 
and eombines the ad- 
vantages of the two 
methods now used in 
planting most of the 
eorn grown in the 
United States. 

The double ad- 
vantages of kernel- 
spaeed eheeking be- 
came apparent sev- 
eral years ago in con- 
nection with tests of 
thick planting on 
very fertile river-bot- 
tom soil. On this soil 
one stalk to every 12 
inches of row, when 
hoed, was found to 
give higher yields 
than cheeked eorn 
with either three or 
four stalks in every 
hill. 

Drilling, however, 
was not praetieable 
because of the abun- 
dant growth of 
weeds. Planting 
four stalks in caeh 
hill with a eheek- 
rowerwasfound to re- 
sult in an unusually 
large percentage of 
nubbins and stunted 
and barren stalks. 
Drilled eorn with the 
same number of 
stalks to the aerc 
cjavc lar°*er viclds 

Fig. 1— Hill of com planted by a modem check-rower. The central .,i p & J , , . 
stalk had no chance to develop, either below or above ground, and "^tll ICWCr nub bills 

produced but a nubbin. and stunted and bar- 

ren stalks, but eould not be well cultivated without expensive hoeing. 
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It was thought that kernel-spaced checking would be found profit- 
able on soil sufficiently well supplied with moisture and fertility to 
permit four or five stalks to the hill. This has been found to be the 
case. Furthermore, it has been found profitable on dry soils of 
medium fertility. 

In all fields of corn planted with our most modern check-rowers 
can be found many hills containing a stalk that has not produced 




Fig. 2 —Base of a corn plant at silking time. For a foothold each plant needs a cubic foot of space. 



well. In many such cases the stunting is due to the quicker starting 
or better location of the other plants, which enabled them to monopo- 
lize the space, moisture, fertility, and sunlight of the limited area in 
which the kernels were planted. (See fig. 1.) 

With roots and stalks limited to so small a space, plants from any 
cause once obtaining a monopoly easily retain it. This plausible 
idea is substantiated by the tests described later, which produced 
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more stunted and barren stalks and more nubbins in rows of ordinary 
checking than in adjacent rows of kernel-spaced checking. 

Such stunting, because of the nature of the corn plant, materially 
reduces the grain yield. Plants that are crowded to such an extent 
that they become slender and scarcely more than half their normal 
height are either barren or produce only nubbins. 

WHY KERNEL-SPACED CHECKING SHOULD GIVE INCREASED 

YIELDS. 

The disadvantage under which the two or more plants of a hill are 
compelled to grow by the kernels having 
been bunched together is so plain that 
it is remarkable we have not long ago de- 
vised a method of checking corn that gives 
each plant room to form a normal root 
system. 

For a distance of 6 inches in every direc- 
tion from the base of a normal corn plant 
the soil is crowded entirely full of roots. 
When several kernels are bunched together 
the roots of all the stalks of the hill are so 
matted together that the pulling of one stalk 
pulls out the entire hill, and the pressure of 
wind upon all the stalks is more likely to 
blow over the entire hill than when the stalks 
stand several inches apart in the hill, thus 
forming a broader base of support. Figure 2 
shows the base of one corn plant at silking 
time, the critical period, when all the roots 
should be well located for supplying: moisture 

Fig. 3.— The device used in drop- , . "Vi * i .„ 

ping corn by hand in the kernel- to the plant. 1 he three stalks of a hill grow 

spaced rows of the tests. a t a grea t disadvantage with no more foot- 

hold in the soil than one plant requires. 

KERNEL-SPACED CHECKING TESTED IN COMPARISON WITH 
THE USUAL METHOD. 

The following-described tests were especially planned to decide 
whether the kernel spacing of checked corn would increase the yield 
above that obtained by the generally practiced method of checking. 
Eight alternating rows of kernel-spaced and of ordinary checking were 
planted in three different localities on different types of soil. In 
order to test the practicability of cultivating the kernel-spaced 
checking, the test rows were placed in the center of fields of checked 
corn and were without difficulty cultivated both ways when the fields 
were cultivated. 

400 
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The device used for space planting is shown in figure 3. Two 
kernels were planted at each corner of a 5-inch square. Each space- 




FiCr. 4.— A hill of the kernel-spaced rows of the tests. The stalks stand at the corners of a 5-inch 
square. (Photographed before the formation of brace roots at the lower nodes.) 



planted row was followed by a row treated in all respects the same 
except that the kernels were not so well separated, being deposited 

as a check-rower would 
deposit them and with 
six kernels to the hill. 

When the corn was 
a foot tall, all the rows 
were thinned to a 
uniform stand. Four 
stalks to the hill were 
retained wherever pos- 
sible. When about 
ready to tassel several 
more stalks were re- 
moved from some of the 
rows to bring adjacent 
rows to exactly the same 
number of stalks. 

Figures 4 and 5 show 
the differences in ap- 
pearance due to the 
different methods of 




Fig. 5. — A hill of the rows tested in alternation with the kernel- 
spaced rows. These hills were bunched to no greater extent 
than is done by the modern check-rower. (See fig. 1.) 
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planting. Figure 4 shows a typical hill from the space-planted rows, 
while figure 5 is typical of the usual method of checking. The dif- 
ference in the uniformity of the stalks is very marked. 

Table I. — Comparative yields of corn when kernel-spaced checking and the usual method 

of checking were employed. 



Tests at Round 
Hill, Va. 



Tests at Piketon, 
Ohio. 



Tests at McLean, Va. 



Character of the summer. 
Nature of the soil 



Very dry. 



Distances between corn hills. 

Height of the varieties tested . . 

Average number of stalks to 
the hill. 

Number of stalks to the acre . . 

Stalk circumference increased 
by spacing. 

Number of poor ears produced : 

Kernel-spaced method 

Usual method 

Yield per acre : 

Kernel-spaced method 

Usual method 



Gain to the acre by spacing 
the kernels. 

Number of adjacent-row tests. . 

Number of times in which 
adjacent-row tests produced 
equally. 

Number of tests in which 
kernel spacing increased 
the yields. 

Increase obtained by spacing 
the kernels. 



Stony clay 
loam. 

3M by 
feet. 



Tall. 
3.... 



10,500 

14 percent 



498. 
584. 



55 bushels. 
53 bushels . 
2 bushels. . 



7 

0...... 



3% per cent 



Very favorable 

River-bottom de- 
posit. 

33^ by 3M feet... 



Very tall. 
3M 



15,100 

7 per cent. 



447. 
502. 



118^ bushels. 

114 bushels 

43^ bushels 



4 per cent. 



Very dry. 
Heavy clay loam. 

3M by 33^ feet. 

Medium. 
3|- 

12,700. 

13 per cent. 



652. 
712. 

64 bushels. 
61 bushels. 
3 bushels. 

9. 
1. 



5 per cent. 
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KERNEL- SPACED CHECKING YIELDS BETTER IN EVERY CASE. 

Under the different conditions of climate and soil and with differ- 
ent varieties of corn, each test has shown that kernel spacing of 
checked corn increases the yield. The kernels were placed only 
5 inches apart in the hills. A distance of 8 or 10 inches may increase 
the yield still more, and such hills can be readily cultivated both 
ways provided the checking is accurately done. Check-rowers can 
be manufactured with two shoes for each corn row and a separate 
dropping tube for each kernel of a hill. They can be made adjust- 
able, so that the number of kernels dropped and the spacing distances 
between the kernels of a hill can be suited to the fertility of the soil 
and the variety of corn planted. 

Proper distances for spacing the kernels within the hill will have to 
be determined for large and small growing varieties. The three vari- 
eties tested ranged from medium to very tall, each being adapted to 
the locality in which it was tested. All produced better by spacing 
the kernels of each hill 5 inches apart than by the customary method 
of dropping them close together in the hill. 

In addition to the 25 tests of rows growing side by side in which 
one row was kernel-spaced and the adjacent row checked by the usual 
method, there were at each locality two adjacent plats, one kernel- 
spaced checked and the other checked by the usual method. At 
two of the localities the yield of the kernel-spaced plats exceeded 
that of those planted by the usual method to about the same extent 
as in the alternate-row tests. At McLean, Va., the plats produced 
equally well, but the alternate-row plantings gave an increase of 11 
per cent in yield due to kernel spacing, bringing the average increase 
for the two methods of testing to practically 5 per cent, as given in 
the table. 

THE INCREASED YIELD IS NET GAIN. 

Two bushels more to the acre, or a 4 per cent increase, is not small 
enough to be ignored, especially when obtainable without cost except 
the initial cost of a kernel-spacing check-rower. 

Increased ^yields resulting from applications of expensive fertilizers 
sometimes fail to increase the profit on the crop. The increased 
yield due to spacing the kernels is clear gain, since a properly con- 
structed check-rower can drop the seed in separate places as rapidly 
and as cheaply as the present check-rower bunches them. 

In planting 50 acres of corn such a check-rower would pay for 
itself the first year. In planting 100 acres, estimating the production 
at the average of 26 bushels, it would return a net profit of 104 bushels. 

400 



12 A MOKE PROFITABLE CORN-PLANTING METHOD. 

A 4 per cent increase in the value of the corn crop of Illinois for one 
year would amount to $6,000,000. About one-half of the corn acre- 
age of the United States is checked or planted with planters that drop 
all the kernels of a hill in a bunch. The substitution of kernel- 
spacing planters would add 50,000,000 bushels of corn to our annual 
production. 

KERNEL-SPACED CHECKING PERMITS CULTIVATION WITHOUT 

DIFFICULTY. 

The 5-inch spacing of the kernels in each hill did not make it 
difficult to properly cultivate in both directions with 2-horse double 
cultivators, although in one instance the rows were but 3J feet apart 
in one direction and 3 J feet in the other. Three-horse 2-row culti- 
vators could have been used to as good advantage as in the usual 
method of checking. If the kernels in each hill are spaced 6 or 8 
inches apart, the gangs of shovels on the cultivator will need to be 
set farther apart in order to properly straddle the hills. A spacing 
wider than 8 inches may allow weeds to grow in the corn hills. In 
this respect the 5-inch kernel spacing gave no greater growth of weeds 
and received no more work than the ordinary checking. 

OTHER ADVANTAGES OF KERNEL SPACING. 

Increased yield without extra cost is abundant reason to cause a 
change of methods. A few other advantages of kernel spacing may 
be mentioned. It is easier to thin kernel-spaced hills, and the thin- 
ning can be done without injury to the remaining stalks. 

When the plants stand separately in the hills, an entire hill is less 
liable to be pulled out by the harrow, the weeder, or the cultivator. 
The entire hill is not so likely to be injured by accident, disease, cut- 
worms, or corn-root insects. The better distribution not only 
affords each stalk better sunlight, but also shades the soil better, 
thereby lessening evaporation from the heated soil during the sum- 
mer months. 

At McLean, Va., the rows checked by the usual method blew down 
at tasseling time to a much greater extent than the adjacent kernel- 
spaced rows. At Piketon, Ohio, the kernel-spaced rows were noticed 
at harvest time to have fewer down hills than the adjacent bunch- 
planted rows. The kernel-spaced stalks appeared stronger and 
measurements proved them to be at each locality of greater circum- 
ference than the bunch-planted stalks. (See Table I.) 
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PRESENT APPLICATION OF THE ADVANTAGES. 

Until kernel-spacing check-rowers are placed upon the market 
farmers can utilize this method extensively only by remodeling their 
check-rowers or by double driving. By returning across the field 
with the check-rower, without resetting the wire, and driving 6 
inches from the previous track, each hill can be made up of two 
bunches of kernels. This will improve somewhat the distribution of 
the plants in the hills, but will not be as good as a check-rower with 
four or more dropping tubes for each corn row. 

By double driving, as just mentioned, with planters set to drop 
one kernel at a time, each stalk will be given room to form a good 
root system. Drilled corn planted by this method won the Iowa 
sweepstakes prize in 1909 by producing 153 bushels of shelled corn 
on 1 acre.® 

PROFIT DEPENDS MAINLY ON LARGE YIELDS TO THE ACRE. 

Increasing population and increasing value of land are sure to 
stop the long-continued practice of planting corn thinner as the land 
becomes poorer, making up the supply by planting more acres. Our 
future increase in corn production must be accomplished mainly by 
filling the soil with water-absorbing and water-holding humus, 
accompanied by thicker planting. This practice has produced 239 
bushels of shelled corn on an acre in South Carolina, 6 and 226 bushels 
on an acre in North Carolina. c 

Soils are not impoverished by producing large crops. On the con- 
trary, the larger the crops and the more frequently they are produced 
the better the opportunity to enrich the soil by plowing under a suf- 
ficient portion of the vegetable matter produced. The soil should 
be kept busy enriching itself through the decay of vegetation, as 
forest lands enrich themselves. To most soils one or more mineral 
elements must eventually be applied to replace those which are 
removed from the farm in the form of grain or animal products. 

a See Farmers' Tribune, February 3, 1910. John Sundberg, of Monona County, 
Iowa, won this prize in accordance with the rules of the Iowa Corn Growers' Associa- 
tion. The planter was driven the second time several inches from its previous track, 
giving a double row of plants. Adjusted to drop one kernel every 16 inches the 
planter driven in this manner planted 20,633 kernels to the acre. The acre had 
been a clover pasture for five years and was fall-plowed. No manure or commercial 
fertilizer was used. 

& See C. S. Plumb's book on Indian Corn Culture, 1895, p. 220. The rows were alter- 
nately 3 and 6 feet apart, and 5 or 6 kernels were dropped to each foot of the row, 1,000 
bushels of stable manure, 600 bushels of cotton seed, and $50 worth of commercial 
fertilizer being applied to the acre. 

cSee Wake County Corn Experiments of 1909, by F. A. Olds, secretary, Chamber of 
Commerce, Raleigh, N. C. The first prize was won by J. F. Batts, of Garner, N. C. 
The rows were 41 inches apart, and 3 kernels were planted in hills 8 inches apart in the 
row, 19,000 stalks being grown on 1 acre. Forty-five 2-horse loads of manure and 
$59 worth of commercial fertilizer were applied to the acre. 
400 



14 A MORE PE OF IT ABLE CORN-PLANTING METHOD. 

SUMMARY. 

In planting corn in hills practically all corn planters drop all the 
kernels of the hill in a bunch. 

A study of the best conditions for growth and production indicates 
that bunch planting results in unnecessary crowding both above and 
below the ground, weakening the stalks and reducing the yield. 

Kernel-spaced checking combines the advantages and overcomes 
the disadvantages of drilling and checking, the two methods by 
which nearly all corn is now planted. 

Tests with three varieties of corn under different conditions of soil 
and climate in every case gave increased yields due wholly to a sepa- 
ration of the kernels planted in each hill. 
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Maple Sugar and Sirup. 
The Germination of Seed Corn. 
Cucumbers. 

The Home Vegetable Garden. 
Preparation of Vegetables for the Table. 
Soil Fertility. 

Texas or Tick Fever and Its Prevention. 
Experiment Station Work— XXXV. 
Seed of Red Clover and Its Impurities. 
Experiment Station Work— XXXVI. 
Practical Information for Beginners in Irri- 
gation. 

The Brown-tail Moth and How to Control It. 
Management of Soils to Conserve Moisture. 
Experiment Station Work— XXXVII. 
Industrial Alcohol: Sources and Manufac- 
ture. 

Industrial Alcohol: Uses and Statistics. 
Modern Conveniences for the Farm Home. 
Forage Crop Practices in Western Oregon 

and Western Washington. 
A Successful Hog and Seed-corn Farm. 
Experiment Station Work— XXXVIII. 
Flax Culture. 

The Gipsy Moth and How to Control It. 
Experiment Station Work— XXXIX. 
The Use of Alcohol and Gasoline in Farm 
Engines. 

Leguminous Crops for Green Manuring. 
A Method of Eradicating Johnson Grass. 
A Profitable Tenant Dairy Farm. 
Experiment Station Work— XL. 
Celery. * 
Spraying for Apple Diseases and the Codling 

Moth in the Ozarks. 
Insect and Fungous Enemies of the Grape 

East of the Rocky Mountains. 
The Advantage of Planting Heavy Cotton 

Seed. 

Comparative Value of Whole Cotton Seed 
and Cotton-seed Meal in Fertilizing Cotton. 
Poultry Management. 
Nonsaccharine Sorghums. 
Beans. 

The Cotton Boll worm. 
Evaporation of Apples. 
Cost of Filling Silos. 
Use of Fruit as Food. 

Farm Practice in the Columbia Basin Up- 
lands. 

Potatoes and Other Root Crops as Food. 
Experiment Station Work— XLI. 
Food Value of Corn and Corn Products. 
Diversified Farming Under the Plantation 



Some Important Grasses and Forage Plants 

for the Gulf Coast Region. 
Home-grown Tea. 

Sea Island Cotton: Its Culture, Improve- 
ment, and Diseases. 

Corn Harvesting Machinery. 

Growing and Curing Hops. 

Experiment Station Work— XLII. 

Dodder in Relation to Farm Seeds. 

Roselle: Its Culture and Uses. 

Experiment Station Work— XLIII. 

A Successful Alabama Diversification Farm. 

Sand-clay and Burnt-clay Roads. 

A Successful Southern Hay Farm. 

Harvesting and Storing Corn. 

A Method of Breeding Early Cotton to Es- 
cape Boll-weevil Damage. 

Progress in Legume Inoculation. 

Experiment Station Work— XLIV. 

Experiment Station Work— XLV. 

Cowpeas. 

Demonstration Work in Cooperation with 

Southern Farmers. 
Experiment Station Work— XLVI. 
The Use of the Split-log Drag on Earth Roads. 
Milo as a Dry-land Grain Crop. 



O 



323. Clover Farming on the Sandy Jack-pine 

Lands of the North. 

324. Sweet Potatoes. 

325. Small Farms in the Corn Belt. 

326. Building Up a Run-down Cotton Plantation. 

328. Silver Fox Farming. 

329. Experiment Station Work— XLVII. 

330. Deer Farming in the United States. 

331. Forage Crops for Hogs in Kansas and Okla- 

homa. 

332. Nuts and Their Uses as Food. 

333. Cotton Wilt. 

334. Experiment Station Work— XL VIII. 

335. Harmful and Beneficial Mammals of the 

Arid Interior. 

337. Cropping Systems for New England Dairy 

Farms. 

338. Macadam Roads. 

339. Alfalfa. 

341. The Basket Willow. 

342. Experiment Station Work— XLIX. 

343. The Cultivation of Tobacco in Kentucky 

and Tennessee. 

344. The Boll Weevil Problem, with Special Refer- 

ence to Means of Reducing Damage. 

345. Some Common Disinfectants. 

346. The Computation of Rations for Farm Ani- 

mals by the Use of Energy Values. 

347. The Repair of Farm Equipment. 

348. Bacteria in Milk. 

349. The Dairy Industry in the South. 

350. The Dehorning of Cattle. 

351. The Tuberculin Testof Cattle for Tuberculosis. 

352. The Nevada Mouse Plague of 1907-8. 

353. Experiment Station Work— L. 

354. Onion Culture. 

355. A Successful Poultry and Dairy Farm. 

356. Peanuts. 

357. Methods of Poultry Management at the Maine 

Agricultural Experiment Station. 

358. A Primer of Forestry. Part II: Practical For- 

estry. 

359. Canning Vegetables in the Home. 

360. Experiment Station Work— LI. 

361. Meadow Fescue: Its Culture and Uses. 

362. Conditions Affectingthe Valueof MarketHay. 

363. The Use of Milk as Food. 

364. A Profitable Cotton Farm. 

365. Farm Management in Northern Potato- 

growing Sections. 

366. Experiment Station Work— LII. 

367. Lightning and Lightning Conductors. 

368. The Eradication of Bindweed, or Wild Morn- 

ing-glory 

369. How to Destroy Rats. 

370. Replanning a Farm for Profit. 

371. Drainage of Irrigated Lands. 

372. Soy Beans. 

373. Irrigation of Alfftifa. 

374. Experiment Station Work— LIII. 

375. Care of Food in the Home. 

376. Game Laws for 1909. 

377. Harmfulness of Headache Mixtures. 

378. Methods of Exterminating the Texas-fever 

Tick. 

379. Hog Cholera. 

380. The Loco-weed Disease. 

381. Experiment Station Work— LIV. 

382. The Adulteration of Forage-plant Seeds. 

383. How to Destroy English Sparrows. 

384. Experiment Station Work— LV. 

385. Boys' and Girls' Agricultural Clubs. 

386. Potato Culture on Irrigated Farmsof the West. 

387. The Preservative Treatmentof Farm Timbers. 

388. Experiment Station Work— L VI. 

389. Bread and Bread Making. 

390. Pheasant Raising in the United States. 

391. Economical Use of Meat in the Home. 

392. Irrigation of Sugar Beets. 

393. Habit-forming Agents. 

394. The Use of Windmills in Irrigation in the 

Semiarid West. 

395. Sixty-day and Kherson Oats. 

396. The Muskrat. 

397. Bees. 

398. Farm Practice in the Use of Commercial Fer- 

tilizers in the South Atlantic States. 

399. Irrigation of Grain. 



